Bimodal effects of cinnamaldehyde and camphor on mouse TRPA1.
TRPA1 is a nonselective cation channel activated by a wide variety of noxious chemicals. Intriguingly, several TRPA1 modulators induce a bimodal effect, activating the channel at micromolar concentrations and inhibiting it at higher concentrations. Here we report the bimodal action of cinnamaldehyde (CA) and camphor, which are thus far reported as agonist and antagonist of TRPA1, respectively. Whole-cell patch-clamp experiments in TRPA1-expressing CHO cells revealed that, as previously reported, extracellular application of 100 μM CA strongly stimulates TRPA1 currents. However, subsequent application of 3 mM CA induced fast and reversible current inhibition. Application of 3 mM CA in basal conditions induced a rather small current increase, followed by current inhibition and a dramatic rebound of current amplitude upon washout. These observations are reminiscent of the effects of TRPA1 modulators having bimodal effects, e.g., menthol and nicotine. In line with previous reports, extracellular application of 1 mM camphor induced a decrease of basal TRPA1 currents. However, the current amplitude showed a significant overshoot upon washout. On the other hand, application of 100 μM camphor induced a 3-fold increase of the basal current amplitude measured at -75 mV. The bimodal effects of CA and camphor on TRPA1 were also observed in microfluorimetric measurements of intracellular Ca(2+) in intact TRPA1-expressing CHO cells and in primary cultures of mouse dorsal root ganglion neurons. These findings are essential for the understanding of the complex sensory properties of these compounds, as well as their utility when used to study the pathophysiological relevance of TRPA1.